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DNR Ecological and Water Resources:
Water Monitoring and Surveys Unit

Groundwater Monitoring: 750 active monitoring wells

Lake Levels: +1,100 lake gages and over 800 citizen
monitors

Survey Crew: Provides Topographic Surveys, OHW
determinations and Vertical Control Elevations.

Climatology: Stores and provides interpretation of data
from over 1200 weather monitoring locations.

Stream Flow Monitoring: +200 active stream gages



) T A i

i e Y

Ak " (ot
o il







e,

DNR/MPCA Telemetry Network

A Clean Water Legacy
/\ Flood Warning Gage
/A Other monitoring network
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Snow Depth and Water Equivalence

Taken by field crews and Area
Hydrologists

Sent to Climatology and
National Weather Service
River Forecast Center




DNR Snow Water Equivalency
Measurement Locations
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One-Week Change in Snow Depth
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Prepared for this




Stage — Discharge Relation
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Gage location should have a good
“control”

The control is the physical river
characteristic(s) that influence the water flow
and stage

Two types of control: Section, Channel

Section Control: Physical features at a cross
section downstream of the gage site that
constrict the flow or where a break in slope
occurs in the river channel.

Examples include: rock ledges, riffles, rapids,
culverts, bridges. Most influence during low
flows



Section Control




Channel Control

* Channel Control: Physical features of a long
downstream reach of channel that controls
the flow and stage.

e More common at lower gradient sites. Most
influence during higher flow conditions.

 Most sites have section control at lower
stages and channel control at higher stages.



Creek 9-15-200
0« 3107

Stage = 14.43

Channel Control
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Detailed Site Descriptions

Provide specific details for a site for other
users

Provides recovery of site information for re
establishment

Repeatability and consistency in
measurements

Documents changes in site characteristics over
time.



MINNESOTA DEPARTMENT OF NATURAL RESOURCES
WATERS

STREAM GAGE SITE DESCRIPTION

STATION NO. = -
RESOURCE NAME
@ ' NEAR

Road Name /| Number
Caoge Phone &

DETAILED GAGE LOCATION:

Legal Description .Sec._  ,Tnp Rng.

Lat. Long. UThMX uTMY
Quad. Map Neme:
Quad. Map Number:
Count Name:

Additional
Description:

DISCHARGE MEASUREMENT LOCATION:
Low

Flow

High

Flow___

CONTROL DESCRIPTION:
Section Contral (riffle, weir, rock ledge etc), Channel Contrel, Both

Description and
Location(s):

PERMAMENT BEEMCH, REFERENCE MARK AND MEASUREMENT POINT DESCRIPTIOM(S):

Whitewater River ur Beaver, CR 30
STATION ID: 40-016-001
USGS ID: 05376800

NW5 ID: BVRMS
LOCATION:
Lat: 44700 03" N UTMX: 5795710 Township:  Whitewater
Lomz:  02°00°18"W  UTMY: 48891071 PLS: TWP BKG SEC Q QQ
e 0w 15 SE SE
County: Winona

USGS Quad: V21a Beaver
Delorme MN Atlas & Gazetteer (pg). 35 (EE)

Driving directions: From intersection of US-61 and CR-74 near Weaver, mavel west on CR-74 7.0 miles to
intersection with CR-30. Travel ezst on CR-30 0.1 mile to bridze snd gage.

History: Site established §/17/06 as a Clean Water Legacy site. Present gage established by MM Department of
Hatural Resources, Waters Division on §/3/08.
Drainage area (acres): 173,523

GAGE: Base gage is the lower bevel of a chiseled square on D5 side of bridge, elevation of 711.60 ft. A Design
Analysis H-3503%T. Pressure Transducer and H-355 Gas Purge System are housed in a 2'x 1.5' x 6' Hoffman look-in type
shelter. Insoruments are powered by 3 1.2 ampere solar panel nm to 3 deep cycle marine barery through a Sunsaver
power regulator. Solar panel and a raim zage are attached to side of shelter om a 10° mast. Data collected at 15- minne
intervals and ransmitted via Goes satellite st 1-hour intervals.

Goes ID: D55065D8

Primary Channgl: 95E

Transmit Time (GMT). (05815

Random Channel: 119

Azimuth: 153

Elevation: 31
CHANNEL AND CONTROL:

Chanmel is conrrolled by rock riffle 50° DS of bridze

DISCHARGE MEASUREMENTS:
Low flow: Wadinz measurements can be made near canoe landing area
High flow: Hizgher staze measurements can be made from the dovnstream side of bridze.

Diversions: None
Cooperation: Minnesots Deparment of Matoral Resources Division of Waters, Mmnesota Pollufion Control Agency,
and National Westher Service.

REFERENCE MARKS:

BM. 1 (BASE): none

sh‘l'l'{‘-nﬂ" 200, -i'\l\-‘T‘\l I arzend T57 mmlrm" e by ],

REM.1: Mammwmmmwmwmm?mrmmm
Inactive messure down, used 09/13/2006- 03/14/2008
Elevation® 111.55 fr gage datum (711.55 & NGVD29)

RAL 2 (measore down established 03/14/2008): Chiseled sqnare on DS side of bridze, lower bevel, painted orange.
Elevation® 111.60 ft gage datum (711.60 f NGVD29)

Primary reference: (RM2) 111.60 ft zage datum

Updated (10:07/08 aib)
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http://wwwrcamnl.wr.usgs. gov/sws/SWTramlng/FIashFandR/Index html

,r. Wading Discharge Measurements - Windows Internet Explorer (‘ Introduction - Windows Internet Explorer =100 x1|
=y |— usgs.gov, oz usgs,gov)s I =

Flle Edit View Favorites Tools  Help Introduction
Eoeqle Stream stage and water discharge are

’ measured at most gaging stations

Favorites = &  Employee-facing registry co...

% Wading Discharge Measurements

: Use Rantz, Chapter 2
; - ...;- 1 ion as a reference for this
z usgs.goy)s i ! | t |

itrols
1S5, a0 L] ALY
=10 x|
usgs.gov, L] S 2N B
> ADCP - Windows Internet Explorer = mf s
[ p —1—J—J Discharge
£305:90% —_| Measurements- |
ADCP
A variety of ever chaning measurements

hardware is available for
making ADCP
measurements

See: http://il.water.usgs.gov/adcp
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Stream Flow and Velocity
Measuring Equipment

DNR Water Monitoring and Surveys Unit follows
USGS standards in the measurement and
processing of stream flow data.

No oranges allowed.



V - Notch Weir




ParshaII Flume

W — ]

I26042005

|08/05/2008 J
Stage: 5.265 ft. SSPZENA\

Q: 0.002 cfs :

e



24



Price Mini (Pygmy) Current Meter

 Depth < 1.5 ft.

* Velocity 0.25-3.0
ft/sec.

* SpinTest0.5-1.5
min.




Price AA Current Meter

 Depth > 1.5 ft.
e Vel. 0.25 - 8.0 ft/sec
* Spin Test 1.5 -4 min.




AquaCalc

> VALl




Bridge Crane, Price Meter
100 Ibs Sounding Weight
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Flow Tracker AVM




Acoustic Doppler Current Profiler

Fast measurement time compared to

traditional mechanical meters :15 - 30
min.

* Integrated Velocity Profile
 Depth range 2.5 ft to 50 ft.
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Tartle Creek 9-15-2004
Q= 307
Stage = 1448




Boat Deployment




<~WinRiver II - Teledyne RD Instruments - [Playback]d:\Documents and Settings'.grkruse' My Documents',DOT8-21-08% Minnesota River nr Mankato-

J File  Configure “iew Acguire  Plavback ‘Window  Help

=10l

- -Measur B[] <1~ Stick Ship Track B[] 5] B[] 5]
TN Ri Mankato- Yelocity Profil Intensity Stick Ship Track
% @ S:::;:Fi-ar:na;onn oty e —Beam 1 —HBeam 2 Beam 3 Beam 4 ——Ship Track A verage Ens. ::;;h th'1;;EnS' Lost E[I:S.
E| & Site Discharge ol ' ! ' B ! o . )
D T —-— - —- 1|— ————— ; - —- = _Ceﬂi 1. Depth: (.75 . Bad Ens. %Bad Bins  Delta Time
i ‘- Discharge Summary : f : : T : 4 0% 1.00
B~ Collect Data 1 o T . . . = : August 21, 2008 11:11:10.50
- : - : w7 B 188 : . .

: : : E @ : Pitch Roll Heading
= i : i = % E 0.00° 0.00° 0.00°
£ ' : ' oo '
= : : : o = Temp. Press.Sensor
=z200----------- EREEEEEEEEEEE o ERREEEEEE EREEEEELEEREE £ 26 o
E ' ' ' 3 25.44°C NA
=] : : : 2 : : : Discharge {Ref: BT) Right to Left

; : ; c : 5 5 Gaood Bins 4

N i R bbb bbb g'w-“' ““““““ T ATt prTTmeeees Top G 3.699 [m¥s]

: E : = i : : Measured Q 19484  [mi¥s

: : : : : : Bottom Q 4.878 [m¥s]

4.00 i i i 29,4 ! ! ' Left @ 0.343  [m¥s]
79 138 196 255 =31 14.1 33 48.6 B5.8 Right Q 0.662 [m%s]
Intensity [counts] Distance East (Ref: BT) [m] Tatal Q 29.015 [m¥s]
=10 x| Navigation (Ref: BT)
Earth Welocity Magnitude [Ref: BT) [mfs]
—FHiver Depth Top O Depth Bottom O Depth Boat Speed 0.383 [mis]
0.02% 0.158 0.282 0428 0.560 Boat Course 36.14 [
0.0 - - - Water Speed 0.210 [mis]
" - . 5 : Water Dir. 162.08 [°]
| | . g i
(oo b B m A= e Tl e W e— . T Cale. Depth 1.22 [m]
—_ : Length 63.95 [m]
=) 5 5 5 Distance MG 62.84 [m]
£ 2001--N- - - S TRy P ECETLETLPPLRPLRPLPPPRPLR A ERE LR L e LI L EELETEETEEEELIELILEED Course MG 85.57 [7]
& ; ; ; Duration 132.00 [3]
e | DR, S e R e Latitude NO DATA
: : : Longitude NO DATA
sk | a |
198 165 132 93 EE
Ensemble Number
I I | 4

I ) Startl J lﬂ EW'SRZ011.ppt [Compati. .. “‘l‘ WinRiver II - Teledyn...

J | Search Desktop

33

L |@fR RO EBUB NG sssam



Shallow Water ADCP

* Features similar to larger unit but less versatile
e Depthrange 0.8 ft. to 16 ft.
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Clean Water Legacy

Year Round Monitoring

* |ce measurements
* |ce thickness
* Snow depth and water equivalence




Shallow Water ADCP Measurement
Two Rivers @ Hallock

70018001

10/14/2008

Stage: 794.99 ft.

Q: 194.00 cfs
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* Measuring and reporting accurate
discharge Is essential to
understanding pollutant loadings,
flood potential, channel forming
events, and trend analyses.



Survey High Water Marks
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Survey cross sections for modeling
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High Water Mark Documentation

Roseau River @ Roseau
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High Water Mark Documentation
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Stage Sensors

Staff gages

Wire weight gages

Submersible Pressure transducers
Bubbler systems

Sonic Sensors

Radar Sensors

Acoustic Velocity Meters



Standard Enamel Staff Gage
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Bridge Mounted Wire Weight Gage
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ridge Mounted Sonic Sensor Gage
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Bridge Mounted Radar Sensor Gage




Acoustic Velocity Meters
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Continuous Discharge
Computation

Define the rating curve with a minimum of 15
measurements throughout the range of flows

Correct stage data from continuous recording equipment —
drift correction

Apply shifts to the rating for vegetation, debris, channel
scour and deposition

Apply the resulting relationship of discharge conditions to
the stage data.

Continue to make verification flow measurements
throughout the life of a gage site



STRAIGHT RIVER
CR 115, WADENA CO.

(MDHE FATIMNG #1)
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Clean Water Legacy

* Install permanent stream gages at the
outlet of each of the 81 major
watersheds

Provide water quantity data for water
guality, flooding and low flow
frequency analyses and to monitor
changes within the watersheds.

Multiple use gages

ey
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DCP Stream Gage

Telemetry Gage Network

NWS HADS

/ “&’ \

NOAA NESDIS

DNR/MPCA
Cooperative Stream

Gaging web site \
EMinnesota
DNR FTP

DEPARTMENT OF
NATURAL RESOURCES

A A KISTERS /
| Hydstra Database

' Minnesota Pollution
Control Agency

NWS WFO
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Manipulate map or select gage

[Map Wiew Table Yiew Filters Legend Site Lookup Help

Rark 1D B Stage (ft 3t Timest = - -
an a.amn.a o 202 ()| Flow (ft*) Timestamp Table View Filters Legend Site Lookup Help CSG Data ¥i %
RN ] Missizsippi River nr Royatton, My 117 10800 2010-11-12 16:00:00 d ata view
30 @ 16058004 Sauk River nr St. Cloud, M 35 961 2010-11-12 16:15:00 . T Site ID: 11051001
S @ =2 Name: Pine River nr Mission, CSAH11
3 @ 17022001 Mississippi River at St Cloud, MN 662 12600 2010-11-12 16:00:00 O W | @ = Provider: DNR
32 @ 17046001 ElkRiver nr Big Lake, MN 283 731 2010-11-12 14:00:00 Co .e S Telemetiy data? yas
33 @ 18033001 Middle Fork Crow River nr Spicer, CR2 38 135 2010-11-12 16:00:00 Archive data? no
Water chemistry data? yes

M 0 Marth Fork Crowy River nr Manannah, Mh22 g297 559457 20101112 15:30:00
= @ Crove River at Rockford, Mi 451 2100 2010-11-12 16:00:00 tHostrecent t’e'emeg"" data:

= = - Flow: 1,008,92 ft°/sec at 2010-11-12
3’ O Morth Fork Crowy River nr Rockford, Farmington Ave EEE | 934321 20M0-11-12 14:45:00 15:45:00
7w O South Fark Cravw River at Delana, Bridge St 937 923554 20101112 15:30:00 léag?goheigh"’ 37.78 ft 5t 2010-11-12

site r it

zoom to site

IMap Yiew Table View Filters Legend Site Lookup Help

This form allows you to change which sites are mapped based on various site properties. To Use,
select the properties of sites you want to map and click the update map button to continue,

Showe sites that:
have telemstry data:l yes -l have archive data:l .[ hawe water chemistry data:

are Clean Water Legacy sites:l vl are flood warning gages:l vl have gagings: ﬂ
have photos:l -[ no

Site provider: IaII providers 'l

Map Yiew Table Yiew Filters Legend Site Lookup Help

42537500008, 5483500.00000

Lookup a site by name, To use, enter a portion of a name in the to list matching sites. Click on the
site name to view the detailed site report.

*Download gage location shapefile,
georss, kml
1 28057001 Little Cottonwood River nr Courtland, MNGS .Customize map |ayers

Site name: [cottonwood | [lookup |

3 201501 *Customize gages shown on map
4 23022001 Cottonwood River nr Leavenworth, CR8
o zs0eaon2 v eLakes on map link to

Minnesota

DNR LakeFinder




Site Report

Site report Config Hydrograph || Hydrograph || Cross Section

Summary 7 :
= . Site ID: 26037001 (description)

1 Name: Chippewa River at Benson, UsS12

: Provider: DNR

UsGSs ID: 05303500

Lat/Lon: 45.311110, -95.6248%4

Variable Additional Data
FRaw Levels (ft) V\I\g d M show rainfall subplot
""" M show gagings
Dates ™ show photos
start: [zo10-9-01 | B
end: [2010-9-30

Most Recent Data
Stage: 9.65 ft at 2010-11-12 14:30:00
Flow: 596,762 ft¥fsec at 2010-11-12 14:30:00

Stream Cross Section

28.47
Period of Record - 0l 02 03 04 05 0O OF 08
Telemetry data: 2010-01-01 to 2010-11-12
Archive data: 1998-0&-26 to 2006-11-09 23 47
Config Hydrograph Hydrograph Cross Sechon E
5o i
910.0 . : : : : : "3 —100 yr flood
telemetry data I E 13.47 50 yr flood
900.0 |- ’ i St Bttt Y S B T ] 1T 10 yr flood
900 - S S SR Vo — | 847
80.0 e S S S |
= . : : : - : 3.47
S 5 5 5 5 5 5 0
v BI0.0 [reoeeemereey R L R e P AP AR A A il ] Downstream View (ft)
o : : : : : :
£ 860.0 [-orooooeeneenden o e e B poosccosasscaos: 1 .
2 | | | | | | *Manipulate hydrograph
B50.0 [---oemeeeennenss e T RRITE LT T P PTIR .
| ' ' ' ' ' *Download data and year end
B e e, o . .
| | | | | | summary narratives
830.0 [lf--eememeeee e T RRITE LT T P PTIR .
; | | | | | *Download photos
820.0 1 1 1 1 1 1 .
N N O S *Plot gagings
Download: all water chemistry data {csv) | water chemistry data for above period (csv) ’Links to USGS, AH PS’ STORET 55

all hydro data {csw) | data for above period {(csv)

all year end summary data {html




Low Cost Cooperative Local Water
Quantity Monitoring Efforts

Weirs or Dams with low cost stage recorders
Snow water equivalent surveys

Stage data verification measurements during
sampling

High water mark documentation
Detailed notes during site visits



What's the best high tech
monitoring tool available?









Cooperative Stream Gaging Program

A collaborative effort between Federal, State
and Local Governments:

NWS, USGS, COE, DNR, PCA,
Watershed Districts, CWPs,

Counties, SWCDs and Cities

QEATH

£
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Minnesota Pollution = m
Control Agency 2 :
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science for a changing world
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DNR Monitoring Gage Network

A Clean Water Legacy
/\ Flood Warning Gage
/A Other monitoring network
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